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OBJECTIVE — The association between quantity of fruit and vegetable (F&V) intake and risk 
of type 2 diabetes (T2D) is not clear, and the relationship with variety of intake is unknown. The 
current study examined the association of both quantity and variety of F&V intake and risk of 
T2D. 

RESEARCH DESIGN AND METHODS— We examined the 1 1-year mcidence of T2D m 
relation to quantity and variety of fruit, vegetables, and combined F&V intake in a case-cohort 
study of 3,704 participants (n = 653 diabetes cases) nested within the European Prospective 
Investigation into Cancer and Nutrition-Norfolk study, who completed 7-day prospective food 
diaries. Variety of intake was derived from the total number of different items consumed in a 
1-week period. Multivariable, Prentice-weighted Cox regression was used to estimate hazard 
ratios (HRs) and 95% CIs. 

RESULTS — A greater quantity of combined F&V intake was associated with 2 1 % lower hazard 
of T2D (HR 0.79 [95% CI 0.62-1 .00]) comparing extreme tertiles, in adjusted analyses including 
variety. Separately, quantity of vegetable intake (0.76 [0.60-0.97]), but not fruit, was inversely 
associated with T2D m adjusted analysis. Greater variety in fruit (0.70 ]0. 53-0. 91]), vegetable 
(0.77 [0.61-0.98[), and combined F&V (0.61 [0.48-0.78]) intake was associated with a lower 
hazard of T2D, independent of known confounders and quantity of intake comparing extreme 
tertiles. 

CONCLUSIONS — These findings suggest that a diet characterized by a greater quantity of 
vegetables and a greater variety of both F&V intake is associated with a reduced risk of T2D. 



Type 2 diabetes (T2D) is one of the 
most common noncommunicable 
diseases worldwide and is a leading 
cause of premature mortality (1), morbid- 
ity (2), and health care expenditure (3). 
Lifestyle intervention trials that include 
dietary changes have been shown to be 
effective in preventing the development 
of T2D (4). However, it is still largely un- 
known which aspects of the diet confer 
this beneficial effect. 
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A World Health Organization expert 

consultation recommended a minimum 
intake of 400 g or five portions (based on 
an average portion weighing 80 g) of 
combined fruits and vegetables (F&V) 
per day for the prevention of several ma- 
jor noncommunicable diseases, including 
T2D (5). In addition, the five-a-day pro- 
gram in the U.K. and similar programs in 
other countries (e.g., the U.S.) (6) recom- 
mend consuming a variety of different 



F&V, thereby ensuring adequate intake 
of micro nutrients, dietary fiber, and a 
multitude of other important bioactive 
compounds (7). Yet, the specific role of va- 
riety in F&V intake and T2D has not been 
examined. Additionally, as studies have 
generally used a food frequency question- 
naire (FFQ) to assess F&V intake, which is 
suitable for ranking individuals according 
to their relative but not absolute intake (8), 
there is also an absence of research on the 
importance of meeting the five-a-day quan- 
tity recommendation for F&V intake. The 
use of a prospective food diary offers a 
more precise measure of dietary intake 
and can overcome some of the limitations 
of the FFQ (9), but so far no studies have 
used this dietary assessment method in re- 
lation to T2D risk. 

In order to develop effective dietary 
public health strategies for T2D preven- 
tion, it is essential to clarify the contribu- 
tion of both quantity and variety of F&V 
intake to T2D risk. The aim of this study 
was therefore to evaluate the association 
between the quantity and variety of fruit, 
vegetables, and combined F&V consump- 
tion, as assessed using a prospective 7-day 
food diary, and incident T2D. 

RESEARCH DESIGN AND 
METHODS 

Study population 

The Norfolk component of the European 
Prospective Investigation into Cancer and 
Nutrition (EPIC-Norfolk) study recruited 
25,639 men and women aged 40-79 years 
at baseline in 1993-1997. The EPIC-Norfolk 
study was initiated to investigate the rela- 
tionship between diet and cancer but has 
since broadened its scope to include a range 
of chronic diseases, including T2D. The re- 
cruitment procedures, collection of ques- 
tionnaire data, and anthropometric and 
dietary measures have been described in 
detail elsewhere (10,11). In brief, partici- 
pants residing in Norfolk, England, were 
recruited from age-sex registers of general 
practices and attended a baseline health 
check. Follow-up of participants constituted 
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a postal questionnaire at 18 months, a sec- 
ond health check in 1998-2000, and a fur- 
ther postal questionnaire in 2002-2004. 

From the 25,639 participants in 
EPIC-Norfolk at baseline, we ascertained 
incident cases of T2D (n = 892) and 
selected a random subcohort of 4,000 
participants. This subcohort was repre- 
sentative of the entire EPIC-Norfolk co- 
hort in terms of age, BMI, education level, 
physical activity level, smoking status, 
and total energy intake (data not shown). 
Among the subcohort, there were 143 in- 
dividuals who developed incident T2D 
during follow-up. Of the 4,749 partici- 
pants, we excluded those with unknown 
diabetes status (n = 1) or prevalent diabe- 
tes at baseline (n = 121), those with fewer 
than 7 days of diary data (n = 435) or who 
did not return a diary (n = 15), or those 
with missing information on potential 
confounding variables (n = 73). Partici- 
pants with prevalent myocardial infarc- 
tion, stroke, or cancer were also excluded 
(n = 400). The final sample for analysis 
consisted of 653 incident T2D cases 
and a subcohort of 3,166 individuals (in- 
cluding 115 incident T2D cases). All vol- 
unteers gave written informed consent, and 
the study was approved by the Norwich 
district ethics committee. 

Case ascertainment 

We ascertained incident T2D cases by self- 
report of doctor-diagnosed diabetes from 
three follow-up health and lifestyle ques- 
tionnaires, i.e., answering "yes" to "Has a 
doctor ever told you that you have diabe- 
tes?" or diabetes medication that was self- 
reported or brought to the second health 
check. In addition, external sources of in- 
formation through record linkage included 
listing of any EPIC-Norfolk participant in 
the general practice diabetes register, local 
hospital diabetes register, hospital admis- 
sions data with screening for any diabetes- 
related admissions among study panicipants, 
and Office of National Statistics mortality 
data with coding for diabetes. Participants 
who gave a self-report of history of diabetes 
that could not be confirmed against any 
other sources of ascertainment were not 
considered as a confirmed case of T2D. 
Follow-up was censored at the date of di- 
agnosis of T2D, 31 July 2006, or the date 
of death, whichever came first. 

Assessment of diet and lifestyle 
variables 

At the baseline medical examination, 
participants were instructed by trained 
interviewers on how to complete the 



7-day food diary (11,12). The food diary 
consisted of 45 color pages containing 
food portion photographs and detailed 
instructions on how to record and describe 
preparation methods and quantities of 
foods eaten at main meals, snacks, and be- 
tween meals. Completed diaries were re- 
turned by post to the coordinating center 
at the University of Cambridge. The food 
diary has been validated with weighed food 
records, 24-h urine collections, and blood 
biomarkers (13). 

Intake of F&V (including tinned and 
dried) was calculated from food diary data 
to give average daily quantity of intake for 
each participant. In order to precisely 
quantify the actual intake of F&V con- 
sumed alone or from dishes (in accordance 
with the U.K. five-a-day public health 
guidelines) (14), all recorded foods and 
dishes were disaggregated into their com- 
ponent parts. Composite dishes containing 
fruits and/or vegetables included home- 
made and shop-bought desserts, vegetable 
bakes, stews, pies, and soups, for example. 
The F&V quantity and type was derived for 
the composite dishes by using recipes from 
McCance and Widdowson as previously 
described (12) and by using ingredients 
listed on the packages of products and 
ready-made meals. Potatoes were not in- 
cluded as a vegetable because they differ 
from vegetables regarding energy and 
carbohydrate content and are frequently 
used as a substitute for cereals (15). F&V 
juices were also not included because 
they differ from their source of origin in 
terms of food matrix and fiber content, 
and as such may be dissimilarly associated 
with diabetes (16). Variety of fruit, vegeta- 
bles, and combined F&V intake was de- 
rived by calculating the total number of 
different items consumed at least once 
in a 1-week period, irrespective of quantity 
of intake. The groupings of items included 
58 different fruit items (range 0-58), 59 
different vegetable items (range 0-59), 
and hence a total of 1 17 different F&V items 
consumed over a 1-week period, as recor- 
ded in the 7-day food diary. 

At recruitment, participants com- 
pleted a detailed health and lifestyle ques- 
tionnaire. Participants self-reported their 
education level (low, O level, A level, or 
degree), occupational social class (manual 
or nonmanual), smoking status (current, 
former, or never), and baseline history of 
myocardial infarction, stroke, and cancer 
(yes or no). Area deprivation was assessed 
from residential postal codes using the 
Townsend Deprivation Index, which pro- 
vides a material measure of deprivation and 



disadvantage based on unemployment, car 
ownership, home ownership and house- 
hold overcrowding. A higher Townsend 
Index score indicates greater deprivation 
(17). A validated, four-point physical activ- 
ity index was derived, incorporating occu- 
pational and leisure-time components of 
physical activity (18). Trained nurses mea- 
sured height, weight, and waist circumfer- 
ence according to standardized protocols 
(10). BMI was calculated as weight divided 
by height (kg/m^). Venous blood samples 
were taken by trained study nurses. Hemo- 
globin Ajc (HbAic) was measured halfway 
through the baseline health check (1995- 
1997) and was available in approximately 
half of the EPIC-Norfolk cohort. HbAic 
was measured using high-performance 
liquid chromatography on a Bio-Rad Dia- 
mat (Bio-Rad, Richmond, CA), on a sample 
of EDTA-anticoagulated blood. 

Statistical analysis 

Baseline characteristics were summarized 
by tertiles of combined F&V quantity and 
variety among the subcohort participants, 
using means with SDs, medians with in- 
terquartile ranges (IQRs), or frequencies 
(where appropriate). 

Multivariable, Prentice-weighted Cox 
regression (19) was used to estimate the 
associations between quantity and variety 
of fruit, vegetables, and combined F&V 
intake and hazard of diabetes, with intake 
defined as tertiles (with the lowest tertile 
as the reference category). To check the 
proportional hazards assumption of the 
models, interactions between quantity 
and variety of fruit, vegetables, and com- 
bined F&V intake and current age (i.e., 
the underlying timescale) were tested. 
The proportional hazards assumption 
was not violated for quantity and variety 
of fruit, vegetables, or combined F&V in- 
take (all P values aO.32). Hazard ratios 
(HRs) and 95% CIs were estimated using 
the following modeling strategy. Age was 
used as the underlying timescale in all 
models. Model 1 was adjusted for sex. 
In Model 2, we additionally adjusted for 
BMI (continuous), waist circumference 
(continuous), education level (low, O level, 
A level, or degree), Tovmsend Deprivation 
Index (continuous), occupational social 
class (manual or nonmanual), physical ac- 
tivity level (inactive, moderately inactive, 
moderately active, or active), smoking sta- 
tus (current, former, or never), family his- 
tory of diabetes (yes or no), total energy 
intake (continuous), and season of diary 
completion (December, January, February = 
winter; March, April, May = spring; June, 
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July, August = summer; and September, 
October, November = autumn). In Model 
3, in order to estimate the association be- 
tween quantity of F&V consumption and 
hazard of diabetes independent of the ef- 
fect of variety, we additionally adjusted for 
variety of F&V intake and vice versa for 
the analysis of variety in intake. We exam- 
ined multicolinearity in Model 3 using the 
variance inflation factor. 

In sensitivity analyses, the association 
between F&V quantity and variety and 
the hazard of diabetes was also investi- 
gated by including other potentially con- 
founding variables in Model 3, including 
hypertension (yes or no), dairy intake 
(continuous), total fiber intake (continu- 
ous), red and processed meat intake (con- 
tinuous), and percentage energy from 
carbohydrate (continuous), protein (con- 
tinuous), fat (continuous), and alcohol 
intake (continuous). Analyses were also 
repeated after additionally excluding 
participants who I) developed diabetes 
within the first 2 years of follow-up 
(n = 26), 2) had a baseline HbAi^ level 
2^6.5% (n = 15) in the subsample with 
HbAic data available (n = 1,333), and 
3) were in the top and bottom 1% of the 
ratio of energy intake to energy expenditure. 
Multiplicative interaction terms were 
added to Model 3 for quantity and variety 
of combined F&V intake to examine elfect 
modification by sex, age (<60 or >60 
years), BMI (normal weight <25 kg/m^, 
overweight/obese 2^25 kg/m^), and smok- 
ing status (never smoker or ever smoker) 
by using the Wald test. Additionally, spline 
regression was used to demonstrate the 
continuous association between quantity 
and variety of combined F&V intake and 
the HR (95% CI) of diabetes with knots 
placed at quartiles of the distribution (20). 

All statistical analyses were perfor- 
med using Stata/SE 11.1 (Stata-Corp, 
College Station, TX). Statistical signifi- 
cance was set at P < 0.05. 

RESULTS— The median (IQR) dura- 
tion of follow-up was 10.9 (9.8-11.8) 
years. The median quantity of combined 
F&V intake was 3.7 (2.5-5.0) portions 
per day and the mean (SD) variety of 
combined F&V intake was 11.7 (3.9) 
items/week. Fewer than 26% of study 
participants reported consuming at least 
five portions of F&V per day. There was 
nearly a threefold difference in quantity 
and in excess of a twofold difference in 
variety of combined F&V consumption 
between the highest versus lowest tertiles 
of F&V intake (Table 1). Participants who 



consumed higher quantities and a greater 
variety of combined F&V had more favor- 
able lifestyle, anthropometric, and dietary 
profiles. Baseline characteristics by tertiles 
of quantity and variety of fruit and vege- 
table intake separately showed similar re- 
sults (data not shown). The Pearson 
correlation coefficient between quantity 
of fruit and quantity of vegetable intake 
was 0.29, and between variety of fruit and 
variety of vegetable intake was 0.30. 
Quantity of combined F&V intake was 
strongly positively correlated with variety 
of combined F&V intake (0.60). 

As shown in Table 2, quantity of fruit, 
vegetables, and combined F&V intake 
were all inversely associated with inci- 
dent T2D (Model 1). Further adjustment 
did not appreciably alter the HRs (Model 
2). After additionally adjusting for the ef- 
fects of variety of intake, an inverse asso- 
ciation with quantity of vegetable intake 
remained, but the associations for quan- 
tity of fruit and quantity of combined 
F&V intake with T2D were attenuated, 
such that fruit was no longer associated 
and F&V intake was borderline inversely 
associated with T2D. Further adjustment 
for hypertension, dairy intake, total fiber 
intake, percentage energy from carbohy- 
drate, protein, fat, and alcohol intake, and 
red and processed meat intake did not 
change our results (data not shown). Those 
meeting the recommendation to consume 
at least five portions of F&V per day did not 
differ from those not meeting this recom- 
mendation in hazard of T2D, excluding 
and including variety of intake (HR 0.85 
[95% CI 0.70-1.02] and 0.98 [0.80- 
1.21], respectively). As shown in Table 3, 
greater variety in fruit, vegetables, and com- 
bined F&V intake was inversely associated 
with incident T2D in adjusted analyses and 
also when accounting for quantity of in- 
take. The relative reduction in the hazard 
of T2D with every additional two-item in- 
crease in F&V variety per week was 8% 
(0.92 [0.87-0.97]). The mean estimated 
variance inflation factor was <1.9 (<1.6 
for both F&V qtiantity and F&V variety), 
indicating that colinearity of the variables 
included in Model 3 was low. 

Figure 1 shows the continuous asso- 
ciation between quantity and variety of 
combined F&V intake and T2D . As shown, 
the HR for T2D decreased between an in- 
take of ~3. 5-7.0 portions per day (Fig. 
lA), and this association was largely un- 
changed after accounting for the effects of 
variety of F&V (Fig. IB). For variety, con- 
suming > 12 different F&V items per week 
was associated with a decreased HR of T2D 



(Fig. IC), and this association was largely 
unaffected after accounting for the effects of 
quantity of F&V intake (Fig. ID). The per- 
centage of participants achieving a quantity 
of >3.5 portions per day was 53.2%, and 
the percentage achieving a variety of >12 
different F&V items per week was 40.3%. 

Results were unaffected in sensitivity 
analyses after excluding participants 
who I) developed T2D within the first 2 
years of follow-up, 2) had a baseline 
HbAic level of & 6. 5% in the subsample 
with HbAic data, and 3) were in the top 
and bottom 1% ofenergy intake to energy 
expenditure (data not shown). We found 
no evidence of interaction between either 
quantity or variety in F&V intake with 
sex, age, BMI, or smoking status and in- 
cident diabetes (P > 0.10). 

CONCLUSIONS— In this prospective 
study of nearly 4,000 men and women 
with dietary information from prospective 
7-day food diaries, we observed that 
a greater quantity of vegetable intake and 
a greater variety of fruit, vegetables, and 
combined F&V intake may independently 
be beneficial for reducing the risk of T2D. 
After accounting for potential confounding 
factors and the effects of quantity of intake, 
each different additional two item per week 
increase in variety of F&V intake was asso- 
ciated with an 8% reduction in the inci- 
dence of T2D. 

Previous epidemiological studies 
have reported inconsistent findings for 
an association between quantity of F&V 
intake and risk of T2D. Two separate 
meta-analyses have reported no overall 
association between fruit, vegetables, and 
combined F&V intake and diabetes risk, 
although there was significant heteroge- 
neity of association between the included 
studies (21,22). The meta-analysis by 
Carter et al. (21) did however find a sig- 
nificant inverse association between 
green leafy vegetable intake and risk of 
T2D (HR for highest vs. lowest intake 
group 0.86 [95% CI 0.77-0.97]). Al- 
though low heterogeneity in F&V con- 
sumption may be one explanation for the 
null findings in some study populations, 
our current results suggest that it may 
also be due to differences in the assessment 
methods used for measuring F&V intake. 
Most epidemiological studies have used an 
FFQ to assess quantity of F&V intake. 
Although FFQs can be used to rank indi- 
viduals according to their relative intake 
(8), they are less suitable for the assess- 
ment of absolute intake (11,23), which 
they tend to overestimate. For example, 
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Table 2 — HRs (95% CIs) of incident diabetes for quantity of fruit, vegetables, and combined F&V intake in the EPIC-Norfolk study 





Low 


Medium 


High 


P for trend 


Tertiles of quantity of fruit intake 


Case subjects/total (n) 


■ 261/1,269 ■ 


■ 193/1,214 ■ 


■ 199/1,221 ■ 




Median (IQR) intake (portions/day) 


0.6 (0.3-0.9) 


1.8 (1.5-2.1) 


3.4 (2.9-4.4) 




Model 2 


1 (Reference) 


0.72 (0.59-0.87) 


0.75 (0.61-0.91) 


0.003 


Model 3 


1 (Reference) 


0.81 (0.65-1.00) 


0.91 (0.71-1.16) 


0.46 


Tertiles of quantity of vegetable intake 


Case subjects/total (n) 


245/1,260 


229/1,236 


179/1,208 




Median (IQR) intake (portions/day) 


1.1 (0.8-1.3) 


1.7 (1.6-1.9) 


2.6(2.3-3.1) 








0.91 (0.76-1.06) 


0.72 (0.59-0.87) ^ 




Model 2 


1 (Reference) 


0.88(0.73-1.06) 


0.72 (0.58-0.87) 


0,001 




Tertiles of quantity of combined F&V intake 


Median (IQR) intake (portions/day) 


2.1 (1.6-2.5) 


3.7 (3.3-4.0) 


5.7 (5.0-6.8) 




Model 1 


1 (Reference) 


0.70 (0.58-0.84) 


0.72 (0.60-0.87) 


<0.001 


Model 2 


1 (Reference) 


0.68 (0.56-0.82) 


0.68 (0.56-0.83) 


<0.001 


Model 3 


1 (Reference) 


0.73 (0.60-0.90) 


0.79 (0.62-1.00) 


0.04 



Data are HRs (and 95% CIs) estimated using Prentice-weighted Cox regression, with age as the underlying timescale variable. Adjustment for covariates was performed 
using multivariable, Prentice-weighted Cox proportional analyses. Model 1 was adjusted for sex. Model 2 was adjusted lor the same co\ anates as Model 1 plus BMI, 
waist circumference, education level, Townsend Deprivation Index, occupational social class, smoking status, physical activity, lamily history of diabetes, energy 
intake, and season. Model 3 was adjusted for the same covariates as Model 2 plus fruit variety for fruit quantity, vegetable variety for vegetable quantity, or combined 
F&V variety for combined F&V quantity. 



in the EPIC-Norfolk study, mean consump- 
tion of F&V was much higher when as- 
sessed by FFQ (6.5 portions per day) 
than by a food diary (3.8 portions per 
day) (11). For this reason, FFQs are not 
ideal for examining adherence to, or for 



informing, public health guidelines. Fur- 
thermore, FFQs are based on perceptions 
of habitual intake, whereas food diaries are 
based on self-report of foods and amounts 
actually consumed in real time (8). Addi- 
tionally, because FFQs contain only a 



limited list of precoded food items, which 
tend to be grouped together, unlike the 
food diary, which is open ended, they 
may not be as suitable as food diaries for 
assessing variety of food intake. Despite 
the fact that variety in F&V intake has 



Table 3 — HRs (95% CIs) of incident diabetes for variety of fruit, vegetables, and combined F&V intake in the EPIC-Norfolk study 





Low 


Medium 


High 


P for trend 


Tertiles of variety of fruit intake 


Case subjects/total (n) 


355/1,744 


197/1,247 


101/713 




Mean intake (no. items/week) 


2.0 ± 1.0 


4.4 ± 0.5 


6.9 ± 1.2 








0.74 (0.62-0.88) 


0.67(0.54-0.84) ^ 




Model 2 


1 (Reference) 


0.72 (0.60-0.86) 


0.71 (0.56-0.89) 


<0.001 




Tertiles of variety of vegetable intake 


Mean intake (no. items/week) 


5.5 ± 1.4 


8.5 ± 0.5 


11.4 ± 1.5 




Model 1 


1 (Reference) 


0.85 (0.71-1.02) 


0.68 (0.56-0.84) 


<0.001 


Model 2 


1 (Reference) 


0.85 (0.70-1.03) 


0.73 (0.59-0.89) 


0.002 


Model 3 


1 (Reference) 


0.87 (0.72-1.07) 


0.77 (0.61-0.98) 


0.03 


Tertiles of variety of combined F&V intake 


Case subjects/total (n) ^^^^^1^ 


Ml 321/1,530 


193/1,084 


■■1 139/1,090 ■ 




Mean intake (no. items/week) 


8.0 ± 1.8 


12.0 ± 0.8 


16.3 ± 2.3 




1 IHHHHliHlHHHI 


1 (Reference) 


0.83 (0.69-0.99) 


0.57 (0.47-0.70) ■ 


H <o.ooi 


Model 2 


1 (Reference) 


0.88 (0.73-1.06) 


0.60 (0.49-0.74) 


<0.001 


Model 3 


1 (Reference) 


0.88 (0.73-1.07) 


0.61 (0.48-0.78) 


<0.001 



Data are HRs (and 95% CIs) estimated using Prentice-weighted Cox regression, with age as the underlying timescale variable. Adjustment for covariates was performed 
using multivariable. Prentice-weighted Cox proportional analyses. Model 1 was adjusted for sex. Model 2 was adjusted for the same covariates as Model 1 plus BMI, 
waist circumference, education level, Townsend Deprivation Index, occupational social class, smoking status, physical activity, family history of diabetes, energy 
intake, and season. Model 3 was adjusted for the same covariates as Model 2 plus fruit quantity for fruit variety, vegetable quantity for vegetable variety, or combined 
F&V quantity for combined F&V variety. 
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Fruit and vegetable intake and diabetes risk 




24682468 
Fruit and vegetable intake (portions/day) Fruit and vegetable intake (portions/day) 




Figure 1 — The upper percentile of the first tertilefor quantity and variety of F&V intake was used as the reference category. A: The association 
between quantity of F&V intake and HR (95% CI) of diabetes adjusted for sex, BMI, waist circumference, education level, Townsend Deprivation 
Index, occupational social class, physical activity level, smoking status, family history of diabetes, total energy intake, and season. B: Same as A but 
additionally adjusted for variety of F&V intake. C: The association between variety of F&V intake and HR (95% CI) of diabetes adjusted for sex, 
BMI, waist circumference, education level, Townsend Deprivation Index, occupational social class, physical activity level, smoking status, family 
history of diabetes, total energy intake, and season. D: Same as C but additionally adjusted for quantity of F&V intake. 



been advocated by many national and in- 
ternational bodies (5-7), no studies that 
we are aware of have explored associations 
between variety in intake and risk of T2D. 
Our current findings suggest that quantity 
(at least 3.5 portions of F&V per day) and 
variety (at least 12 different F&V items per 
week) in F&V intake are both inversely 
and independently associated with T2D. 
However, only —50% and 40% of the par- 
ticipants reported meeting these thresh- 
olds for quantity and variety of intake, 
respectively. 

There are several unique strengths of 
our study, including the large sample size, 
prospective study design, use of a 7-day 
prospective food diary with disaggregated 
F&V data, thorough assessment of new 
cases of T2D with self-report information 
supplemented by external sources, and 
comprehensive information on covariates. 



thus minimizing sources of bias and con- 
founding. Another strength of our study 
was that we had HbAic data available 
on a subsample of participants and were 
thus able to demonstrate that our findings 
were unKkely to have been influenced by 
the presence of previously undiagnosed ca- 
ses of T2D at baseline. However, several 
potential limitations of our study merit dis- 
cussion. First, because of the observational 
nature of the study, we cannot exclude the 
possibility of residual confounding or con- 
founding by unmeasured factors. Second, 
we used baseline dietary consumption 
data to characterize individuals and did 
not take into account possible misclassifi- 
cation with respect to changes in con- 
sumption patterns over time. However, 
as this type of misclassification is likely 
to be nondifferential, the effect would 
be to attenuate the observed HRs toward 



the null, suggesting that the true associa- 
tions between quantity and variety in 
F&V intake may be stronger than reported 
in the current study. We were also not able 
to adjust for lifestyle factors (e.g., smoking 
and physical activity) that may have changed 
during follow-up. Finally, our population 
is predominantly of Furopean-Caucasian 
origin (99.1%) and middle aged. Thus, 
the generalizability of our findings to other 
populations may be limited. Nevertheless, 
in comparison with the general population 
of Fngland, FPIC-Norfolk participants are 
comparable with respect to characteristics 
including anthropometry, blood pressure, 
and lipids (10). 

The biological mechanisms for the 
inverse associations of F&V intake and 
diabetes risk are not clear. Our findings 
suggest that F&V may be inversely asso- 
ciated with diabetes through two distinct 
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but complementary pathways. A plausi- 
ble biological mechanism to explain the 
beneficial effect of quantity of F&V intake 
on T2D is via the low energy and high fiber 
content of F&V, and as such their ability to 
reduce the overall energy content of the 
diet. It has previously been demonstrated 
that those who consume the highest quan- 
tity of F&V, in comparison with low con- 
sumers, have a lower risk of weight gain 
(24,25), a major risk factor for diabetes 
(26). A decreased risk of T2D vnth increas- 
ing quantities of vegetable intake in partic- 
ular may be explained by the fact that 
vegetables are generally consumed with 
other foods as part of a meal and therefore 
may displace or buffer the harmful effects 
of deleterious foods from the diet, such as 
energy-dense foods or foods that increase 
the risk of T2D. Alternatively, higher con- 
sumption of specific vegetables, particu- 
larly green leafy vegetables, might reduce 
the risk of T2D due to the presence of rel- 
atively high concentrations of potentially 
beneficial bioactive compounds (21). The 
biological mechanisms for the inverse asso- 
ciations of variety of F&V intake with T2D 
are not clear but may be attributable to in- 
dividual or combined effects of the many 
different bioactive phytochemicals con- 
tained in F&V (e.g. , vitamin C and caroten- 
oids) (27,28). Thus, consumption of a wide 
variety of F&V will increase the likelihood 
of consuming these phytochemicals. As the 
current study was not designed to examine 
mechanisms of association, future studies 
will be required to investigate this further. 

In conclusion, using the prospective 
7-day food diary to assess F&V intake, we 
found that a greater variety of fruit, vegeta- 
bles, and combined F&V intake is associ- 
ated with a reduced risk of T2D, whereas 
for quantity, only greater vegetable, but not 
fruit intake, was associated with a reduced 
risk. These findings support current public 
health recommendations encouraging con- 
sumption of F&V as part of a balanced diet 
and place particular emphasis on the im- 
portant and independent role that both 
quantity and variety in F&V intake may 
play in helping to prevent the development 
ofT2D. 
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